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Abstract 
A steep decline has occurred in the number of hours devoted to basic sciences laboratory instruction in most medical schools. 
This trend seems to be inevitable because basic science departments in many medical schools are probably not capable of running 
an animal laboratory; hence, computer simulations have substituted live animals in medical laboratory learning. This article 
describes the laboratory program developed at our Pharmacology department. The laboratory manual contains a total of 33 
computerized laboratory sessions; many of them are used to reinforce basic pharmacology concepts and principles, whereas 
others emphasize application of the scientific method to pharmacological and clinical problems. This program constitutes an 
effort for a better formative and less factual instruction to medical students. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The relevance of basic science in medical education has been recognized for centuries, and the importance of 
exposing medical students to science was acknowledged and reinforced by the recommendations of the Flexner 
Report (1910). Flexner proposed that medical education began by providing a strong foundation on basic medical 
science, followed by the study of clinical medicine in an atmosphere of critical thinking at departments that could 
afford adequate time and facilities for doing research. As a result, medical schools reformulated their curriculum, 
educational programs stressed their biological basis, medical schools narrowed their links with universities, and 
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departments became centers of scientific research. Since then, traditional medical education has been divided into 
preclinical and clinical subjects (Weatherhall, 2011); within this scheme, the first terms of undergraduate medical 
education usually concentrate on basic science, whereas subsequent ones focus on clinical sciences and clinical 
training (Dahle, Brynhildsen, Behrbohm-Fallsberg, Rundquist & Hammar, 2002). Although there have been several 
modifications, this program has formed the basic pattern of medical education for the last 100 years, and certainly, 
its introduction has led to improvements on standards (Bligh, 2003). However, in the 1950s, medical educators 
began to question the Flexnerian model, and numerous reports from esteemed groups called for major reforms in 
physicians’ education. Many schools sought for ways in which basic science learning could be taught along with 
clinical subjects rather than preceding them (Bligh, 2003; Weatherall, 2006).  
In a field as dynamic as medicine, it would be absurd to expect that, after a century, the Flexnerian scheme would 
remain unchanged (Weatherhall, 2011). During the last fifty years, the biomedical knowledge has grown 
exorbitantly, and nothing suggests that there is a limit to it. Some disciplines have emerged (cellular biology, 
molecular biology, immunology, genetics, and genomics), and changes in the epidemiological profile, health-care 
systems, practice of medicine, and technology have occurred (Clough et al., 2004; Finnerty et al., 2010).  
Given this new reality, many medical schools reformulated their curriculum. Just to mention are the reforms that 
have sought the vertical integration, that is, integration between clinical and basic science sections of the curriculum 
and the horizontal integration between different subject areas. The Case Western Reserve Medical School introduced 
a system-based curriculum in 1952; it combined the teaching of basic sciences and clinical medicine with patient 
care since the very beginning (Smith, 2010). Similarly, problem-based learning (PBL) was introduced by McMaster 
University in 1969, where self-directed learning is used to study a series of problems that define both the basic 
science and the clinical curriculum (Smith, 2010).  
Both integrated and problem-based curriculums are associated with important reductions in the time allotted to 
individual basic science courses or even their disappearance (Vander, 1994; Seifer, 1998). Likewise, a steep decline 
has also occurred in the number of hours devoted to basic science laboratory instruction in most medical schools 
(Hotez, 2003). In some of them, laboratory exercises have been totally eliminated; thus, medical students are 
insufficiently trained in the skills, values, and habits of science.   
Besides educational reforms, arguments against the presence of basic science knowledge in the medical 
curriculum have emerged, like the perceived lack of relevance to clinical medicine; the exponential growth of the 
biomedical sciences (Smith, 2010; Sweeney & MacLeod, 1999); and pressures to include in the curriculum 
communication skills, social sciences, and humanistic subjects (Smith, 2010). In fact, they have gained space in the 
curriculums at the expense of the basic sciences. 
The disappearance of the basic science subjects from the medical curriculum is paradoxical because, nowadays, 
the value of the biomedical knowledge and the scientific reasoning for making medical decisions is more appreciated 
than ever (Brass, 2009). 
To survive and to maintain its relevance and importance in modern medical education, three aspects related to 
basic sciences must be examined. First, it is challenging to incorporate in the medical curriculum all the new 
knowledge generated in the basic science disciplines (Clough et al., 2004). Presently, medical students do not have 
enough time to study all the material typically taught at medical schools, so it will also be difficult for them to study 
the new and rapidly expanding scientific knowledge of the basic sciences (Clough et al., 2004). To fix this situation, 
many authors have suggested the development of a core medicalized curriculum for all basic sciences that students 
could follow (General Medical Council, 2003; Nieremberg, 1990; Walley & Webb, 1997; Rodriguez, Vidrio & 
Campos-Sepulveda, 2009). By medicalized, we mean the essential, central concepts, principles, and details of basic 
sciences relevant to the clinical practice that every medical student should master before graduation (Rodriguez et 
al., 2009). Second, the integration of basic and clinical teaching in medical education is a pending task. An option 
that could be explored is the incorporation of the essentials of the biomedical knowledge to the teaching of clinical 
sciences (AAMC-HHMI, 2009) and, inversely, giving a clinical connotation to the biomedical knowledge of basic 
science. This only requires some imagination, not structural changes in the curriculum. Third, if the goal of medical 
education is to form inquisitive physicians and critical thinkers dedicated to lifelong learning capable of 
incorporating the scientific method to their medical practice, then laboratory training must be reincorporated and 
reinforced in medical education while, at the same time, highlighting the formative role of the basic sciences.  
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We believe that laboratory exercises are an essential factor in the active acquisition of knowledge and the training 
of tomorrow´s physicians, especially in terms of developing the students’ ability to apply the scientific method and 
to prepare them to systematically address the problems of diagnosis, prognosis, and treatment. 
As mentioned previously, most medical students no longer receive significant laboratory training. Most 
institutions have closed animal laboratories for teaching basic science. This seems to be an inevitable trend because 
many basic science departments in medical schools are probably unable to run an animal laboratory; thereby, 
computer simulations have replaced live animals in medical school laboratories. The use of computers in 
undergraduate teaching is now widespread, and interactive software has been developed to enhance and sometimes 
replace traditional teaching methods (Finnerty et al., 2010; Rodriguez, Vidrio, Lopez-Martinez, Contreras & 
Valenzuela, 1998).  
For the past several years, we have reviewed the theoretical aspects of laboratory exercises and, whenever 
possible, developed pertinent software to emphasize the didactic value of computer simulations (Rodriguez et al., 
1998). This article describes the laboratory program developed at our Pharmacology department after several years 
of discussing it among the faculty members. 
2. Laboratory instruction at the Medical School of the National University of Mexico. 
The Medical School of the National University of Mexico has a discipline-based traditional curriculum  in which  
pharmacology is a compulsory course that is given every year to 900-1000 undergraduate medical students divided 
into 32 groups of about 30 students each (Rodriguez, Vidrio, Lopez-Martinez, Contreras & Valenzuela, 1997). Our 
pharmacology course is designed to be taught during the second year of medical school, along with physiology, 
microbiology, parasitology, immunology, public health, and surgery and after anatomy, embryology, histology, 
biochemistry, medical psychology, and public health, yet prior to pathology and extensive clinical teaching. The 
course consists of two sessions (2 hours, each) per week on different week days (total, 136 hours); although active 
learning methodologies are promoted, most sessions are lectures, lasting 2 hours, given by the same professor 
(Rodriguez et al., 1997). It also includes 99 hours of laboratory instruction. Our laboratory manual contains a total of 
31 computerized laboratory sessions (Table 1), lasting 3 hours each; 20 of them were purchased from pharma-CAL-
ogy (pharma-CAL-ogy from British Pharmacological Society website, n.d.); credits to the original authors of the 
simulations are given at the beginning of each session. The overall goal of these sessions is to reduce teacher-
centered instruction and engage students into active learning as much as possible. The manual also contains two 
sessions (total, 6 hours) dedicated to self-evaluation exercises. Laboratory sessions are classified into four units, as 
shown in Table 1. 
2.1. Unit I. Drug information sources and research methodology 
This unit includes two sessions about drug electronic information sources that address from simple classification; 
access to bibliographic data bases and automated systems, such as Medline and Micromedex; and search strategies 
of individual topics. Some selected articles and journals that predominate in the pharmacological area are also 
reviewed. Clearly, medical students must learn the core principles of basic pharmacology, but the evolving nature of 
medical knowledge demands that future practitioners be self-educated; aware of the complexities of the medical 
literature; and capable of selecting, analyzing, and evaluating information. Unit 1 also includes a session that deals 
with the basic structure of research protocols and scientific reports. Furthermore, most aspects of experimental 
design are presented. The aim is that students can determine if the design of a study and the data analysis procedures 
of a given article are sensible, and therefore, the results are valid. Because of its close relationship with experimental 
design and scientific method, two sessions on basics of biostatistics are included, in which the parametric and 
nonparametric statistical tests most frequently used in pharmacological research are reviewed. The last session of 
unit 1 contains a tutorial and some simulations. Its goal is that students gain some insight into the principles of drug 
development, human experimentation, clinical trials, and how to measure the effectiveness of a therapy. 
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2.2.  Unit II. Basic pharmacology 
The first session reviews the characteristics of drug administration routes and pharmaceutical formulations most 
commonly used in medicine. Details are also given about time-course of plasma concentrations of a drug 
administered by a given route but with different pharmaceutical formulations, and about time-course of plasma 
concentrations of a drug administered by different routes. The other six sessions of unit 2 are used as a teaching aid 
and to reinforce basic concepts and principles of pharmacodynamics and pharmacokinetics.  
2.3. Unit III. Applied pharmacology 
This unit consists of 16 interactive simulations where basic science principles and facts are taught in the context 
of clinical scenarios. Each simulation exercise is preceded by its learning objectives and followed by a description of 
the anatomical, physiological, biochemical, molecular, and physiopathological aspects of the corresponding disease; 
its cardinal clinical manifestations are also stated. This provides medical students with the groundwork to understand 
the rationale of the therapeutic use of drugs, as it gives an overview of the main drug classes. Along the simulations, 
students find brief descriptions of experimental procedures and designs; how to record data; and suggestions to 
organize and present information in tables, graphs, and figures. Case studies are also presented to reinforce the 
overall understanding of the pharmacological features related to the corresponded disease. Additionally, students are 
asked to interpret their results, compare them with the available literature, and discuss them with their classmates. 
Application of problem-solving reasoning skills is needed to accomplish many of these exercises. Finally, each 
simulation exercise has a set of questions that test whether students grasped the essential concepts and new 
knowledge introduced. Most medical students enjoy and value these attempts to make basic science teaching more 
relevant to clinical practice.  
2.4. Unit IV. Application of pharmacological knowledge 
The last unit deals with prescription principles, patient compliance instructions, and basic pharmacological 
reasoning in clinical practice; that is, questions that every physician should ask himself/herself before prescribing a 
drug and after deciding drug treatment. These questions attempt to make logical, informed selection of the best drug 
for a particular case and to individualize drug treatment. This exercise connects the knowledge and the skills learned 
from the basic pharmacology courses with those from the formal application of drugs to individuals with disease. In 
unit IV, students are given a case study on a disease frequently treated by a general practitioner. Once the diagnosis 
is made, the task is to do a prescription order in line with medical and legal standards. Based on an up-to-date meta-
analysis or a review article, students must choose the most effective, safe, and affordable drug for the patient. 
2.5.  Final remarks  
Pharmacology education should be improved by giving better formative and less factual instruction to medical 
students. The laboratory program presented here can be used both to reinforce the fundamental knowledge of the 
discipline and to equip the students with the skills, values, and habits of science. The impact of this educational 
strategy can only be assessed by a rigorous evaluation of the knowledge and scientific training acquired by medical 
students. 
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Table 1. Laboratory sessions  
Units Laboratory session 




1. Drug information sources. Part I 
2. Drug information sources. Part II 
3. The research protocol and report 
4. Biostatistics and its application in pharmacology. Part I 
5. Biostatistics and its application in pharmacology. Part II 
6. Drug discovery and development 
II. Basic pharmacology 
 
7. Routes of administration and pharmaceutical forms of drugs 
8. Pharmacokinetics. Part I. Drug transference, absorption, distribution, biotransformation, 
excretion 
9. Pharmacokinetics. Part II. Volume of distribution, clearance, half-life, time course of blood 
concentration of drugs and its relation to the time course of their effects 
10. Pharmacodynamics. Part I. Drug targets: the types of protein on which drug act     
11. Pharmacodynamics. Part II. G protein coupled receptors as drug targets 
12. Pharmacodynamics. Part III. Tyrosine kinase receptors as drug targets 
13. Pharmacodynamics. Part IV. Agonists and antagonists in the guinea pig ileum 
III. Applied pharmacology  14. The pharmacology of epilepsy     
15. The pharmacology of inflammation 
16. The pharmacology of pain 
17. Local anesthetics drugs 
18. Neuromuscular Pharmacology 
19. Autonomic pharmacology I. Blood pressure 
20. Autonomic pharmacology II. Blood pressure 
21. Autonomic pharmacology III. Asthma  
22. Autonomic pharmacology IV. The Gut 
23. Autonomic pharmacology V. Cat nictitating membrane 
24. Autonomic pharmacology VI. The eye 
25. Cardiotonic drugs 
26. Diuretic drugs 
27. Endocrine pharmacology 
28. Antibacterial drugs I. Urinary tract infections 
29. Antibacterial drugs II. Respiratory infections 
IV. Application of pharmacological 
knowledge 
30. Clinical and pharmacological reasoning 
31. Drug prescription 
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